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Status epilepticus (SE) signifies the brain’s failure to terminate
seizures. This relates to excitatory mechanisms overwhelming
inhibitory systems.1 Untreated, generalized convulsive SE leads
to neuronal damage or death, the latter related to systemic
complications, with neuronal damage related primarily to excito-
toxicity.2 Nonconvulsive seizures, except for absence status, can
also cause neuronal death, especially in the hippocampus.3-5 The
time for convulsive seizures to begin causing neuronal death
is about 30 minutes, while with nonconvulsive seizures the time is
longer, probably an hour or more.6 The longer the seizure persists
the harder it is to stop as there is a progression of the excitation and
further diminution of inhibition.

Thus, the brain needs help in arresting SE. The literature provides
only limited evidence-based assistance in this regard. Intravenous
lorazepam and intramuscular midazolam have been shown to be
effective in the initial treatment of early status epilepticus in rando-
mized controlled trials7-9 The evidence for the effectiveness of other
agents is not of good quality. However, intravenous valproate
and phenytoin are effective in stabilizing patients with SE.10,11

Published guidelines, based on expert opinion, recommend that an
anesthetic agent be used if seizures continue.12,13

Seizures that require more than two first line drugs over the
first hour are referred to as refractory status epilepticus (RSE) and
those that persist for 24 hours or more despite treatment with an
anesthetic agent are termed super-refractory status epilepticus
(SRSE).14

As Zeiler and colleagues have pointed out in their comprehen-
sive review of the role of inhalational agents (IAs) for RSE (really
SRSE) in this issue, the quality of evidence for the effectiveness of
inhalational agents is really quite poor (level D).15 However, since
RSE and SRSE are unlikely to stop by themselves, unless the brain
is largely destroyed, any association of the agent and seizure
cessation should be taken seriously as support for effectiveness.
IAs, notably isoflurane, can rapidly induce a burst-suppression and
can temporarily stop seizure discharges. A problem that we and
others have encountered is that seizures often recur when the
anesthetic agent is stopped. This is likely “the nature of the beast” as
reflected in Shorvon’s classification of SRSE14 and the observation
that longer duration seizures are more difficult to stop.

While there is some evidence for SRSE responding to IAs,
mortality and morbidity, especially for neurological impairment,
are still high.15 Also, there is a very high rate of treatment-related
complications, including hypotension, paralytic ileus, super-
infections, atelectasis and deep venous thrombosis.16 It has been
difficult to tease out the relative contributions of etiology (e.g.,
encephalitis) and the seizures in cases of SE, RSE or SRSE that
lead to the frequently encountered poor outcomes.17 Another
factor that has been insufficiently considered for IAs is their

potential neurotoxicity. Experimental models have revealed that
isoflurane has the potential to be both neuroprotective and neu-
rotoxic.18 Longer duration of treatment and higher concentrations
of halothane exposure predisposes to apoptosis, while lower
concentrations appear to be neuroprotective.18 The former con-
ditions may apply in the application of isoflurane in the treatment
of SRSE. Neurotoxicity with isoflurane has been suggested
with the observation of reversible magnetic resonance imaging
changes in the thalami, medulla, cerebellum and hypothalamus
that appeared during treatment with isoflurane.19 We have also
observed signal change in the hippocampus occurring more often
in patients with SRSE treated with isoflurane,20 but we are in the
process of validating these results. Other than these observations,
the evidence for neurotoxicity in humans is meager. There are
additional concerns for very young children.18

In summary, there is only Class D evidence for a role for
inhalational agents, especially isoflurane and desflurane in the
management of RSE and SRSE. The agents can stop electro-
graphic seizures at least during administration, but seizures often
recur when IA is withdrawn in SRSE cases. Concerns remain
regarding complications of treatment with isoflurane at high
concentrations for prolonged treatment times. Further research is
clearly needed. It seems axiomatic that outcomes are best if sei-
zures can be stopped early and completely in their course without
compromising or causing harm to the patient. Such an ideal has
yet to be accomplished.
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